An experimental model for H. pylori infection was established by intragastrically challenging BALB/c mice with 1 ml (10 8 CFU/ml) of suspension for two consecutive days. Animals were divided into three groups. GA: mice inoculated with fresh bacteria; GB: mice inoculated with frozen bacteria, and GC: mice inoculated with brucella broth (control group). Animals were killed at 7, 14, 21, 28, 35 and 60 days pi and fragments of stomach and duodenum were collected, paraffin embedded and stained by hematoxylin-eosin and Giemsa. The results showed that challenged mice exhibited mild duodenitis and gastritis. In group GA, infiltration in the duodenum was lymphoplasmacytic until day 35; in group GB, it was lymphomonocytic for 60 days pi. In the stomach, H. pylori induced lymphomonocytic infiltration that was present from days 7 to 60 in group GA. In group GB, it was only present from days 14 to 35. In conclusion, our data suggested that freezing altered pathogenic properties of H. pylori and probably inhibited expression of bacterial antigens and consequently the establishment and maintenance of infection. Although the animals developed mild duodenitis and gastritis, the BALB/c mouse is not susceptible to developing peptic ulcers during H. pylori infection.
INTRODUCTION
Helicobacter pylori is the most common bacterial pathogen found in the human gastrointestinal tract worldwide. Although noninvasive, this bacterium causes gastritis and peptic ulceration and has been linked to the development of gastric adenocarcinoma and lymphoma (Pappo et al., 1997 and Smythies et al., 2000) .
The exact mechanisms of the pathogenesis of H. pylori infection are still not completely understood. Therefore, experimental models that mimic human disease are needed to provide information on etiopathogeny, immunity and therapy for this infection.
The first experimental models of H. pylori infection employed large animals that yielded important information, yet they were cumbersome, expensive, difficult to handle, and available only to a limited number of researchers (Lee et al., 1997) . Some, such as gnotobiotic piglet, nonhuman primate, and cat models, have been the most successful in reproducing the pathology associated with human infection (Fox and Lee, 1997) .
However, many researchers have developed a better animal model using small rodents such as the mouse and rat. These animals have the advantage of being easy to work with, widely available, and inexpensive, thus allowing a wide variety of experiments to be conducted (Karita et al., 1991) . A further advantage is the ready availability of inbred strains, which decreases the number of animals needed to produce statistically meaningful results (Cantorna and Balish, 1989) .
The gastritis induced in rat models of H. pylori infection appears to be generally less intense than in humans, as the rat is usually used to verify the influence of bacteria in ulcer healing and gastric physiology (Atuma et al., 1999; Konturek et al., 2000; Li et al., 1998; Ross et al., 1992) . The Mongolian gerbil is another rodent model that has been successfully used in H. pylori experimental gastritis, peptic ulcer, and gastric cancer (Matsumoto et al., 1997; Wirth et al., 1998) , although it is not widely available. Consequently, the mouse model is possibly more useful than the other models.
Karita and colleagues (1991) used athymic and euthymic BALB/c animals to establish the first experimental mouse model. The authors were the first to demonstrate that it was possible to colonize small laboratory animals with H. pylori.
More recent reports have been published on the colonization of immuno-competent mice with mouse-adapted H. pylori isolates (Ferrero et al., 1995; Marchetti et al., 1995; Ayraud et al., 2002) with fresh clinical H. pylori isolates (Marchetti et al., 1995; Lee et al., 1997; Ayraud et al., 2002; Guo and Mekalanos, 2002) and coccoid forms of H. pylori (Cellini et al., 1994; Aleljung et al., 1996; Wang et al., 1997; Hua et al., 1998; Rabelo-Gonçalves et al., 2002; She et al., 2003) .
In the present study we developed a murine experimental model for H. pylori infection using BALB/c mice inoculated with two suspensions, one prepared with fresh bacteria and another with frozen bacteria isolated from a patient with gastric ulcers.
MATERIALS AND METHODS

Animals
Male BALB/c mice were 6-8 weeks old when challenged. They were obtained from Centro Multi-Institucional de Bioterismo-CEMIB, State University of Campinas-UNICAMP, Campinas, SP, Brazil and maintained under Specific Pathogen Free (SPF) conditions. The animals were fed with a sterilized commercial rodent diet and with sterilized water ad libitum. They were maintained in an ordinary environment.
This study was performed with the approval of the Biological Institute/UNICAMP Ethical Committee for Animal Research (authorization 80-2, 1999) .
Bacterial isolation
A clinical isolate of H. pylori obtained from a patient with several gastric ulcers was used in our study. The rapid urease test was positive for this patient. The strain was grown on a selective plate medium consisting of sterile sheep blood (10% v/v), Agar Technical No 3 (Oxoid Ltd, Basingstoke, UK) and Brain-Heart Infusion (BHI) (Difco Laboratories, Detroit, MI, EUA) containing 10mg/ml Vancomycin, 5 mg/l Trimethoprim lactate, 2500IU/l Polymixin B (Skirrow's supplement, Oxoid). Plates were incubated in an anaerobic jar (Difco) for 5 days at 37ºC under microaerophilic atmosphere (Microaerobac, Probac, São Paulo, SP, Brazil). After the bacteria were grown, they were identified by Gram staining and biochemical tests of urease, catalase and oxidase. The strain was confirmed as cagA + and vacA + by PCR.
Bacterial inoculum
After isolation on agar plates, one sample of the strain was inoculated in 150 ml Brucella Broth (Difco) supplemented with 2% fetal calf serum (FCS) (Difco) and incubated under microaerophilic atmosphere at 37ºC with agitation for 48 hours. The bacterial inoculum was adjusted to a concentration of approximately 10 8 organisms/ml (Shomer et al., 1998) and immediately used for inoculation. Another sample of the strain was kept in BHI medium (Difco) supplemented with 15% glycerol and frozen at -80ºC for 1 month. After this period, the sample was thawed and cultured on plate medium to prepare other bacterial inocula.
Experimental design
One hundred twenty-six mice were divided into three groups: In GA, 42 animals were inoculated intragastrically with 1 ml of suspension prepared with fresh bacteria on two consecutive days after fasting overnight with an urethral pediatric probe Nº 04 (Embramed, São Paulo, SP, Brazil).
In GB, 42 animals were inoculated in the same way, with 1 ml of suspension prepared with frozen bacteria kept at -80ºC for one month. In GC, the 42-animal control group was inoculated using the same technique and 1ml of Brucella broth.
Six to seven animals from each group were killed by spinal dislocation at 7, 14, 21, 28, 35 and 60 days post-inoculation (pi). The stomach and duodenum were collected, washed with sterile saline, and divided for histopathological study.
Histopathology
Stomach and duodenum samples were fixed in neutral 12% formalin and processed in the usual way for paraffin embedding. Multiple 5-micrometer-thick sections were stained by hematoxylin-eosin (H&E) and Giemsa staining. The histopathological changes evaluated were the site of inflammation (corpus, antrum, duodenum), its composition (lymphomonocytic, lymphoplasmacytic), intensity (mild, moderate, marked), level of the infiltrate in the gastric and duodenal wall, the presence of erosions or ulceration, and the presence of gastritis and/or duodenitis (Cellini et al., 1994 and Dixon et al., 1996) . In the smears stained by Giemsa, the presence of H. pylori in the stomach was assessed using immersion (X1000). The statistical difference between the inoculated groups (GA and GB) and the control group (GC) was compared by Fischer's Exact test and considered significant at values of p ≤ 0.05.
RESULTS
Macroscopic findings
No visible gastrointestinal alterations were seen in the mice challenged with H. pylori in the GA and GB groups.
Microscopic findings
No erosion, ulceration or areas with gastric metaplasia in duodenum were seen in the gastrointestinal tract of inoculated animals (groups GA and GB). The histopathological analysis of the mice stomachs demonstrated that fresh H. pylori (group GA) was able to induce mild gastritis from days 14 through 60 pi, while in the GB group, gastric inflammation persisted only until day 35 (Fig. 1: antrum and corpus) . In the antrum of animals in the GA group, a significant infiltration was seen at day 21 pi (p= 0.026) (Fig. 1: antrum) . The infiltration was primarily lymphomonocytic and was present in the lamina propria, submucosa and serosa. A lower degree of polymorphonuclear infiltration was seen in the lamina propria. In the gastric body, the inflammatory changes were significantly observed at days 14 (p=0.016) and 21 (0.033) pi ( Fig. 1: corpus) . The infiltration was mild and typically lymphomonocytic in groups GA and GB, but on day 21 it became moderate and was seen in the mucosa, lamina propria, submucosa and serosa of gastric corpus in group GA, although the submucosa was more affected (Fig. 2) .
In the duodenum, the inflammatory cells were present from the initial period of infection in both experimental groups, up to day 60 ( Fig. 1: duodenum) . From day 21 to day 35, all mice in group GA developed duodenitis ( Fig. 1: duodenum) . Infected animals presented mild duodenitis in both challenged groups (Figs. 3 and 4) . Some inoculated animals exhibited ballooning of the villi and capillary congestion in the duodenal mucosa in both inoculated groups (Fig. 3) . Although the infiltration was visualized at the duodenal mucosa, including the villi, mice challenged with fresh clinical isolate (group GA) exhibited a typically lymphoplasmacytic infiltration from day 7 to day 35 (Fig. 4) . In group GB the infiltrate was lymphomonocytic during all periods of infection.
The control mice challenged with Brucella broth demonstrated a welldeveloped gastric mucosa with specialized cells and normal foveolar surface. The only histological changes were a minimal number of inflammatory cells in the stomach and duodenum.
Additionally, in the infected animals that presented inflammatory infiltrate, the biopsies stained by Giemsa procedure primarily showed H. pylori in the mucus and upper foveolae of gastric antrum (Fig.  5) . The bacteria were present throughout the experimental period (from day 7 through day 60).
DISCUSSION
In the present study we attempted to establish an experimental murine model for H. pylori infection using BALB/c mice and a clinical isolate of bacteria. The animals were challenged with two suspensions prepared with fresh and frozen bacteria. Although many authors have suggested that success in reproducing human H. pylori infection also depends on the use of fresh clinical isolates, we employed frozen bacteria to evaluate whether freezing would alter the pathogenic properties of H. pylori.
The establishment of H. pylori experimental infection using fresh clinical isolates depends on factors such as the availability of a specialized center for diagnostic upper gastrointestinal endoscopy, selection of appropriate patients for primary isolation of bacteria, success in the primary isolation, and the availability of animals at the right age for inoculation. These factors would make employing frozen strains an advantage for the establishing the experimental H. pylori infection.
However, the histopathological findings described here showed that freezing had probably altered some of the pathogenic properties of H. pylori. In group GB, gastritis persisted from day 14 through day 35, while animals challenged with fresh bacteria (group GA) exhibited gastric inflammation for 60 days pi. Duodenitis in group GB demonstrated that freezing may have inhibited the expression of H. pylori antigens, which resulted in a reduced number of plasma cells primarily seen in the animals of the GA group (Fig. 4) . Considering these results, we believe that some alterations occurred in the structural or biochemical characteristics of H. pylori during its freezing and further culture. Similar findings were reported by Karita et al. (1991) .
We also observed a difference in the appearance of gastritis in our murine model of H. pylori infection compared with the patterns of active gastritis observed in humans. Our results demonstrated that gastritis was primarily chronic, with a predominance of lymphocytes and very few polymorphs. Another important difference was that there was a lower degree of infiltration in the murine lamina propria by polymorphonuclear cells during the initial period of infection. These observations were confirmed by other authors and might be a result of variations in host reactivity to infection (Marchetti et al., 1995; Lee et al., 1997) .
The analysis of gastric histopathology allowed us to observe that while H. pylori almost exclusively colonized the antrum, the inflammatory changes were primarily seen in the gastric body. These findings have been described by other authors (Sakagami et al., 1996) .
Both bacterial virulence factors and the host's inflammatory response will contribute to mucosal damage in H. pylori infection. Considering the virulence factors of bacteria, several reports have suggested that H. pylori strains that possess the cytotoxin-associated gene (cagA) and secrete the vacuolating cytotoxin (VacA) are more virulent and related to the severity of gastrointestinal symptoms in humans (Figura et al., 1998; Audibert et al., 2001; Dundon et al., 2001; Muller et al., 2002) and mice (Telford et al., 1994) .
In contrast with these studies, other authors have demonstrated that the clinical outcome of H. pylori infection is independent of cagA and vacA expression in humans (Yamaoka et al., 1999) as well as in mice (Ayraud et al., 2002; Wang et al., 2003) . Our data confirm these findings as the strain we used in our model was confirmed as cagA + and vacA + by PCR, and inoculated animals did not develop marked gastritis or peptic ulcers. This emphasizes the fact that strain characteristics other than cagA and vacA determine the severity of infection.
Our histopathological data, however, have demonstrated that challenged animals in both groups (GA and GB) exhibited a ballooning of the villi. Several researchers have discussed the role of vacuolating cytotoxin in the gastrointestinal mucosa injury, including ballooning of the duodenal villi in mice challenged with H. pylori and the filtrate of bacterial fluid (Karita et al., 1991) .
Although H. pylori only colonizes the gastric mucosa and areas with gastric metaplasia in the duodenum, the present study shows that the bacteria were able to induce duodenitis in mice. As H. pylori antigens are present in the feces of infected individuals (Kato et al., 2003) , it seems possible that bacteria or their byproducts present in the luminal content activate duodenal T cells and that inflammatory alterations may occur. Studying the secretion of cytokines in children infected with H. pylori, authors observed that the colonization of the gastric mucosa induces a dysregulation of the mucosal immunity at distant sites, notably within the duodenal mucosa (Bontems et al., 2003) .
These observations suggest that although bacterial factors are critical in the establishment and maintenance of infection, the genetic composition of the host, perhaps in combination with environmental factors, may also be important in determining the clinical manifestations of H. pylori infection (Kim et al., 2001) . In fact, the inoculation of different strains of mice with bacteria has previously demonstrated that the host's genetic background is the major factor that contributes to the pathology associated with this infection (Mohammadi et al., 1996; Sakagami et al., 1996; Kim et al., 2001; ) .
In conclusion, our data demonstrated that although animals developed duodenitis and gastritis, BALB/c mice are not susceptible to developing peptic ulcers during H. pylori experimental infection.
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